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ABSTRACT 

Present work deals with the synthesis of Polyaniline, polynitro 
aniline, poly m-toludine and poly o-toludine polymers by 
chemical oxidation method using ammonium per sulfate as 
chemical oxidant. The yield of all polymers was higher than 
90%.The synthesized polymeric material have been characterized 
by FTIR spectroscopy. FTIR and SEM studies of polymer show 
the structural and slight morphological changes with change in 
substituent in monomer units. 
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INTRODUCTION 

The conducting polymers were 
emerged as materials of current research 
worldwide. The conducting polymers have 
mechanical parameters of polymers as well 
as electrical properties of semiconductors. 
Among the various conducting polymers 
polyaniline and its derivatives are 
intensively studied, because of their good 



environmental, chemical, thermal stability. 1 " 6 
These conducting polymers can be 
synthesized chemically or electroche- 
mically 7 ' 8 . The special characteristics of 
polyaniline is that it can be doped or 
undoped by reacting with acidic or alkaline 
environment without any change in number 
of n electrons. 9 This can be possible because 
of presence of NH and N groups in polymer 
backbone. These groups on protonation or 
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deprotonation bring the changes in color 
and electronic conductivity 10 The amine or 
imine nitrogen atom in any compound can 
be protonated by protonic acids. 11 This 
doping and undoping property gives the Pani 
and its analogous polymers enormous 
industrial applications 12 . Protonation or 
doping of polyaniline by acids can be done 
during polymerization of aniline in presence 
of acids in polymerization solution 13 or after 
polymerization by adding polymer in acid 
solution 14 . Type of acid and concentration of 
acid affect the degree of polymerization of 
of amine and imine sites in polymer 15 
Different forms of form has conductivity on 
semiconductor level (of the order of 
10°Scm 1 ), much more higher than common 
polymers(<10" 9 Scm _1 ) but lower than typical 
metals(>10 4 Scrrf '). Pani hydrochloride i.e. 
protonated pani convert to non conducting 
blue emeraldine polyaniline have different 
physical and chemical properties. 16 ' 17 The 
green protonated emeradine base when 
treated with ammonium hydroxide. 18 " 20 Pani 
and pani based other conjugated polymers 
have presence of unique % plectrons, the 
wave function of these electrons are 
delocalized over a long portion of polymer 
chain when molecular structure of the 
backbone is planar. 

EXPERIMENTAL 

1.1 Synthesis of polyaniline 

Aniline (Merck) was used after 
distillation. Ammonium per sulfate, 
hydrochloric acid is of analytical grade. 25 
ml freshly distilled aniline was added to 500 
ml 2M Hydrochloric acid 250 ml of 0.25 M 
APS (NH4) 2 S 2 0 8 solution was added from a 
burette into well stirred monomer solution 



within 40 min. The polymerization was 
carried out at room temp. The solution was 
continuously stirred for 24 hours after 
addition of oxidant. The green dark powder 
obtained was washed with dil HC1, distilled 
water and methanol. The synthesized 
powder was treated with ammonia solution 
(0.5) for four hour at room temp in order to 
convert the polymer into emeraldine base 
(EB). 

1.2 Synthesis of poly m-toludine 

10 ml m-toludine was mixed with 
500ml 1M HC1, stirred for six hours 22g 
Ammonium peroxy disulfate was dissolved 
in 200ml 1M HC1. APS solution was 
gradually mixed in meta toludine monomer 
solution, blakish violet color was developed. 
Stirring was continued for 24 hour with 
magnetic stirrer. The blue ppt. obtained was 
washed with distilled water and methanol. 
The product obtained was dissolved in 0.5M 
ammonia solution .The greenish blue 
colored product was dried in oven at 60°C 
for 12 hours. 

1.3 Synthesis of poly o-toludine 

10 ml o-toludine was mixed with 
500 ml 1M HC1. APS solution was gradually 
mixed in, monomer solution. The reaction 
mixture was stirred for 24 hours and then 
filtered. The greenish violet ppt was washed 
with distilled water and methanol and was 
dissolved in 0.5 M ammonia solution for 
four hour. The filtered product was dried in 
oven at 60 °c for 12 hours. 

1.4 Synthesis of polynitro aniline 

Nitrating mixture was prepared by 
mixing 10 ml H 2 S0 4 and 4ml nitric acid, 
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mixture was cooled. To this nitrating 
mixture, 3 g polyaniline was added, the 
mixture was refluxed using air condenser at 
40 °C for 2 hours. The product solution was 
cooled and poured in 100 ml distilled water, 
stirred and filtered. Product obtained was 
washed with water methanol and the product 
was dissolved in ammonia solution. The 
filtered product was dried in oven at 60 °C 
for 5 hour. 



RESULTS AND DISCUSSION 

FTIR spectra were obtained using 
Spectrophotometer of Bruker make, 
Germany Model (3000Hyperion Microscope 
with vertex 80 FTIR System). Morphology 
of synthesized polymers were studied by 
Field Emission Gun Scanning Electron 
microscopes (FEG SEM). Model-JSM- 
7600F, Resolution l.Onm (15kv.) 
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quinoid-benzenoid-quinoid ring. C-H 
stretching vibrations in benzenoid ring 
vibration mode. Peak at 1110 cm" 1 is 
assigned to methyl substituted benzenoid 
and quinoid ring. 940,879,750 cm" 1 
corresponds to C. 

Fig.l shows FTIR spectra of polyaniline. 
As is shown from the fig. 3265 cm" 1 
corrospond to then N-H stretching mode of 
secondary amine. 1600-1450cm _1 this region 
is aggigned for for N-H deformation, 
Aromatic ring breathing, C=N stretching. 1 ,4 
substituted benzene ring may give 
absorption at 1600-1580 cm" '.The peaks at 
1582 cm 'and 1548 cm" 1 is assigned to the 
benzenoid and quinoid form of PANI 
backbone. 1920 1400-1200cm"lis C-N stretch- 
ing region for aromatic amines. 1200-500 
cm" 1 is the region for in plane and out of 
plane bending of C-H in aromatic ring. 
Peak at 1302 cm" 1 is assigned to C-N 
oscillations in benzene ring. The peak at 
1173 cm" 1 corresponds to C-H in plane 
oscillations. 

Fig. 2 shows the FTIR spectra of m- 
toludine. The broad band observed in spectra 
at 3182 cm" 1 is assigned to N-H stretching 
mode. The characteristic band at 2918 cm" 1 
show Vibrations of -CH 3 group. The peak at 
1595 cm" 1 and 1493 cm _1 are assigned to the 
stretching vibrations of benzenoid and 
quinoid ring. The peak appearing at 1402 
cm" 1 indicates the symmetric deformation of 
-CH 3 group. 1301 cm" 1 and 1230 cm" 
^crroesponds to the C-N vibration. The peak 
at 1 153 cm" 1 is assigned to C-H stretching of 
benzenoid ring. The 1108 cm- 1 peak is 
assigned to C-C stretching vibrations of 
methyl substituted benzenoid and quinoid 
structure. The prominent peaks at 



941,877,810 cm- _1 assigned to an out of plane 
C-H vibrations and 1,2,4 substituted 
benzenoid ring and in plane C-H vibrations 
quinoid ring. The peak at 692 cm" 1 . C-H 
bending and 615 cmi" 1 indicate aromatic ring 
deformation. The peaks at 569, 514 and 439 
cm" 1 corroresponds C-C stretching in 
benzenoid ring, C-C stretching and C-N 
stretching in benzenoid and qui noid 
structures respectively. 

Fig.3 shows the FTIR spectra of poly o- 
toludine.3355cm-l is assigned to N-H 
stretching. Peak at 2917,2855 cm" 1 
corresponds to the C-H stretching due to 
substituted methyl group. 1596 cm" 1 peak 
indicate C-N stretching of quinoid 
structure. 1376 cm" 1 peak is assigned to 
C=N+ stretching vibrations 18 . 1305 and 1242 
cm" 1 peaks corresponds to C-N vibrations in 
alternate units of H out of plane vibrations. 
C-C stretching vibrations of benzenoid ring 
are indicated by peak at 568cm" 1 21 . 440cm" 1 
peak is assigned to C-N stretching in 
benzenoid and quinoid ring. 

Fig.4 shows the FTIR spectra of Polynitro 
aniline Peak at 3420cm" 1 indicate N-H 
stretching. The characteristic peaks at 1597, 
1495 cm" 1 corresponds to asymmetric and 
symmetric stretching vibrations in N0 2 
group. The absorption band at 1302 cm" 1 
indicate C-N vibrations in alternate units of 
semiquinoid and quinoid ring. 12 12- 428 cm" 
1 is the region of in plane and out of plane C- 
H bending in aromatic ring.753 cm" 1 
corresponds to in plane bending of C-N0 2 . 
615cm" 1 peak is assigned to aromatic ring 
deformation. 

Fig.5,6,7,8 shows the SEM images of 
Polyaniline, poly m-toludine, poly o- 
toludine, poly nitroaniline respectively. 
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Characterization of synthesized 
polymers was also carried out using 
scanning electron microscopy (SEM). All 
electron micrographs were obtained from the 
powdered form of polymers. SEM 
micrograph of polymers in base form gives a 
smooth and homogeneous appearance. SEM 
images shows the differences in 
morphologies of the polymers. 

CONCLUSION 

PAN1 based polymers have been 
successfully synthesized by using chemical 
oxidation method. SEM images shows the 
amorphous nature of polymers. FTIR spectra 
obtained in the work are in agreement with 
FTIR characterization reported in the 
literature and comparison with standards 23 . 
So FTIR spectra confirm the formation of 
Polyaniline, Poly m-toludine, Poly o- 
toludine, polynitroaniline. Results shows 
that Poly o-toludine and Poly m-toludine 
N-H stretching bands become more broad 
indicatingthe extensive h-bonding between 
the polymeric strands. SEM studies shows 
that smooth and homogeneous morphology 
with slight differences due to nature and 
position of group in monomer. Further 
studies in progress is focused on the doping 
of lanthanide metals in these synthesized 
polymers and effect of doping on their 
conductivity. 
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